[Accuracy of various Doppler technics in recording blood flow velocity. Studies in vitro].
Conventional and color-coded Doppler techniques were studied as to their accuracy in displaying flow and velocity using an in vitro model and a Laser-Doppler-anemometer. Furthermore, the estimation of pressure gradients as determined by Doppler ultrasound was compared to measurements by manometers under a variety of hemodynamic conditions. Pulsed and continuous wave Doppler had good reproducibility. There was an excellent correlation for measurements of flow velocity as determined by Doppler ultrasound and by Laser-Doppler anemometer (r = 0.98, SEE = 3 cm/s). The well-known underestimation of flow velocity due to an increasing angle of incidence (greater than 25 degrees) was confirmed in vitro. However this error was smaller than the actual overestimation resulting from angle correction for the apparent cosine. Doppler gradients correlated strongly with manometer gradients for orifice areas 12-80 mm2 and flow volumes 0.9-12.8 l/min (r = 0.98, SEE = 7 mm Hg) using continuous as well as pulsatile flow. Some overestimation of the Doppler gradient occurred with increasing flow rates (r = 0.66). Color-Doppler has poor spatial resolution. Display of velocities was therefore assessed using a qualitative score (0-5), the variability of which was 13 +/- 30% of the initial value. Display of faintest quality (score 1) was useless for clinical assessment in color-Doppler technique, but allowed quantitative measurement of velocity in conventional Doppler. Reduction of flow velocities limited display in color-Doppler (5-20 cm/s) but not in pulsed-Doppler technique. Thus, conventional Doppler has better sensitivity and accuracy of displaying flow when compared to color-Doppler, particularly in conditions of poor imaging. As reproducibility and accuracy of velocity determination are excellent, this technique should be used in all diagnostic procedures involving ultrasound. The Doppler gradient as derived from the modified Bernoulli equation provides accurate results in vitro which may also be concluded for use in the clinical situation.